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[57] ABSTRACT 

An electronically programmable metronome has a foot- 
switch for allowing a user to adjust the tempo over a 
continuous range without taking hands off an instru- 
ment or interrupting playing. A microcontroller is pre- 
programmed with a metronome click pattern in any 
selected note duration value. The user operates a foot- 
switch to increase the tempo automatically in continu- 
ous increments and to hold a desired tempo. A digital 
pulse voltage source and acoustic pulse switch are re- 
sponsive to control logic to produce different ampli- 
tudes and tones for three types of clicks, i.e., Loud, 
Mcdiun^i. and Soft, in order to provide distinctly differ- 
ent audible click patterns. Headphones, an audio 
speaker, and/or an LED indicator can be used to pro- 
vide audible and visual cues of the tempo to the user. 
The metronome unit includes a display for menu selec- 
tion, prompts, and visual cues for adjustment of the 
tempo and selection of types of clicks in a beat pattern. 
The microcontroller for the metronome imit can be 
programmed with any combination of time signatures, 
rhythms, or patterns with desired cues or accents. 

10 Claims, 2 Drawing Sheets 
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ELECTRONIC METRONOME WITH VARIABLE 
TEMPO CONTROL 

FIELD OF THE INVENTION 5 

This invention generally relates to electronic metro- 
nome equipment for setting a desired tempo, and partic- 
ularly to a metronome having a non-manual electronic 
setting device for varying a tempo in continuous incre- jq 
ments for any standard note value. 

BACKGROUND ART 

Metronomes are commonly used to set an audible 
tempo to assist a musician practicing or composer com- 13 
posing music. Such conventional equipment typically 
has a mechanical or electromechanical dial or range 
setting which allows a variable tempo to be set from 40 
to 208 clicks per minute. The tempo may be increased in 
increments of 2, 3, or 4 clicks (smallest time interval) in 20 
a basic i note timing. Some units add 2/4, 3/4, 5/4, and 
6/4 rhythms by providing a selected number of clicks in 
a beat interval with the first click "accented". Besides 
having a discontinuous tempo adjustment and limited 
rhythm patterns, the conventional equipment also has 25 
the problem that the user must manually set the tempo 
adjustment by taking hands off an instrument or other- 
wise interrupting playing. 

SUMMARY OF THE INVENTION 30 

The present invention provides an electronically pro- 
grammable metronome which allows a user to adjust a 
tempo over a continuous range of increments and to 
increase the amount of any increment from as low as 
one increment unit, without taking hands off an instru- 
ment or interrupting playing. A microcontroller is pre- 
programmed with metronome click patterns for a plu- 
rality of divisions of standard note values, and a note 
division value is selected by the user via select switches. 
The user can operate a footswitch unit to increase the ^ 
tempo automatically in continuous increments and, in a 
program mode, to hold a desired tempo while incre- 
menting. A digital pulse voltage source and acoustic 
pulse switch are responsive to control logic to produce 
different amplitudes and tones for three types of clicks, 
i.e., loud, medium, and soft, in order to provide dis- 
tinctly different audible click patterns. Headphones 
and/or an audio output allows the user to hear the ad- 
justment of the tempo. ^ 

The metronome unit includes a display which can 
show a menu for user selection, prompts, and visual 
cues for adjustment of the tempo and the position of 
clicks in a given beat pattern. The microcontroller for 
the metronome unit can be programmed with any com- 55 
bination of time signatures, rhythms, or patterns with 
the desired cues or accents. 

Other objects, features and advantages of the present 
invention are described in further detail below in con- 
junction with the drawings. ^ 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates the elements of the metronome 
equipment in accordance with the invention. 

FIG. 2 is a schematic diagram of the footswitch input 65 
to the metronome unit. 

FIG. 3 is a circuit diagram of the microcontroller and 
electronic circuit of the metronome unit 



DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 1, a metronome in accordance with 
the invention has a metronome unit 10 which houses a 
microcontroller and associated electronic circuitry, and 
also has select switches SI, S2, S3, S4, and S5, and a 
display 12 for a visual aid. The metronome unit 10 is 
supplied with power through an external power line 14 
or tirough batteries 16 for portability. An LED indica- 
tor 18 can be used to provide a visual indicator of the 
tempo to the user. A footswitch 20 is connected to the 
metronome unit and has two switches Fl and F2 opera- 
ble by foot. The metronome unit 10 may have a connec- 
tor for a pair of headphones 30 and an audio speaker 32 
to provide an audible cue of the tempo to the user. 

In FIG. 2, the footswitch 20 is shown having switch 
Fl for holding and releasing a tempo level, and switch 
F2 for adjusting the tempo. An output jack PI plugs 
into the metronome unit and inputs the signals from 
switches Fl and F2. 

FIG. 3 is a circuit diagram showing the microcon- 
troller 11 for the metronome unit, an LCD display 12, 
the input power from a power line 14 or batteries 16, 
select switches SI, S2, S3, S4, and S5, a digital adjust- 
able voltage source (DAVS) 13 and acoustic pulse 
switch (APS) 15 for the audio output to the headphones 
30 or loud speaker 32, and a connector to the foot 
switch 20. 

For a power line source, input AC power is applied 
to a rectifier doubler circuit comprised of diodes Dl 
and D2 and capacitors C6 and C7. These components 
are arranged in a half wave voltage doubler configura- 
tion that develops two voltage levels required by the 
other circuits. The 15 volt output of this circuit is fed to 
a 5-volt regulator VRl which provides the 5 volts used 
to power the logic and display circuitry. The 30 volts 
available at the positive terminal of capacitor C7 pro- 
vides the power requirements for the audio "click" 
generator and the headphones 30 or loudspeaker 32. 

The front panel of the metronome unit includes the 
display 12 and the select switches SI, S2, S3, S4. and S5. 
The display consists of an LCD screen having, for ex- 
ample, a two line by 16 character wide display area. The 
LCD may be a backlit device, but will require a source 
of high voltage to operate. An XI inverter module is 
shown for converting the available 5 volts DC to the 
required 100 volts AC for backlighting the display. The 
display can show menu selections and the adjustment of 
the tempo and the beat in a rhythm pattern to the user. 
It can also provide instructions and status information 
to the user as the select buttons are pushed. 

The switches SI and S2 are used for menu selection 
backward and forward. The switch S3 is used for Start 
or Stop, and for setting the mode as Standard or Pro- 
gram. The S4 and S5 switches are used to increment up 
and down in tempo, increments, note values, etc. The 
standard note values may have five or more pre-pro- 
grammed note divisions, such as half, quarter, eighth, 
triplet, and sixteenth note values. Pushing a select but- 
ton causes a logic low or "0" to be input to the corre- 
sponding port pin of the microcontroller 11 where it is 
used in the metronome program. 

The interface to the footswitch 20 consists of a con- 
nector J3 and a resistor pack Rl. Depressing switch Fl 
or F2 of the footswitch 20 causes a logic '*0" to be input 
to the corresponding port pin of the microcontroller 11. 
Switch Fl signals the microcontroller to "hold" a 
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tempo if an automatic tempo incrementing was in effect, 
and switch F2 signals the microcontroller to initiate 
automatic tempo incrementing from a low of 30 clicks 
per minute to a high of 360 clicks per minute on i note 
value. The incrementing is continuous over the entire 
range of click counts. 

The digital adjustable voltage source (DAVS) 13 
provides the audible click of the metronome to the 
headphones 30 or loudspeaker 32. DAVS 13 is com- 
prised of resistors R9 to R13, capacitor C4, transistors 
Q2 and Q3, and inverters U2C and U2D. The inverters 
U2C and U2D provide impedance translation between 
the microcontroller output and the input terminals 
(bases)' of the transistors Q2 and Q3. The transistors Q2 
and Q3 are connected in common emitter configuration 
in parallel with the capacitor C4. The 30 volt power is 
applied through R9 to charge the capacitor C4. If nei- 
ther Q2 or Q3 is turned on, the capacitor C4 will charge 
to the full 30 volts. This charge is then available for 
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form a crystal oscillator clock for the microcontroller 
11. All timing for the metronome is derived from this 
crystal time base. Capacitor C3 and resistor R3 provide 
a momentary reset pulse to the microcontroller 11 for 
initiating the control logic program and function. 

In operation, the user can program in a desired beat 
pattern, tempo, increment value, and/or note value 
using the five switches SI to S5. The microcontroller 
accesses the corresponding pre-programmed beat pat- 
tern starting with a low time duration of 30 clicks per 
minute on i standard value or corresponding clicks for 
any other note values. The user can play an instrument 
and adjust the tempo upward by operating the foot- 
switch F2 to automatically shorten the timp duration of 
the note division up to a count of 360 clicks per minute. 
The resulting click pattern is provided audibly to the 
user through the headphones 30 or loudspeaker 32, and 
visually through the display 12. The user can hold the 
desired tempo by pressing the footswitch Fl, and this 



discharge through the loudspeaker 32, which produces 20 action will be reflected by the word "HOLD" on the 



the maximum amplitude acoustic cHck (the "accented" 
click). If transistor Q2 is turned on by the control logic, 
the resistor R13 will be switched in to shunt the capaci- 
tor C9 and form a voltage divider between resistors M 



display. Pressing the footswitch Fl again allows incre- 
mentmg of the tempo and clears the word "HOLD'* 
from the display. The tempo can be reset to the low end 
of the range by stopping tiie metronome unit then start- 



and R13. The capacitor then charges to a lower voltage 25 ing, in order to generate a reset pulse to reset the mi- 



which produces smaller amplitude acoustic clicks. 
Transistor Q3 and resistor R12 operate in the same way 
as Q2 and R13 except that they produce an even lower 
voltage level. Thus, DAVS 13 provides an output of 



click amplitude at three levels, i.e.. Loud, Medium, and 30 pole. 



crocontroUer 11. Alternatively, the footswitch F2 can 
be a double pole switch to increment the tempo upward 
automatically by switching to one pole, and to decre- 
ment the tempo downward by switching to the other 



Soft These levels are used for accenting musical beats 
so that any time signature patterns with desired cues or 
accents can be generated, for example, 5/4 time with 
primary and secondary accents. 

The acoustic pulse switch (APS) 15 consists of capac- 35 
itor C8, resistors R14 to R17, inverters U2E and U2F, 
and transistors Ql and Q4 (see arrows pointing to two 
sections). The control logic provides a square wave 
output at the metronomic rate selected by the user. 
Each rising edge is input to U2F which provides impe- 40 
dance transformation and inversion. The output of U2F 
is input to a differentiator formed by capacitor C8 and 
resistor R17. The output of the differentiator is fed to 
the input of U2E. The output of U2E drives the switch 
formed by Ql and Q4 wilii a squared pulse. When the 45 
switch turns on, it discharges the accumulated charge of 
capacitor C4 through the transistor Q4 directiy to the 
loudspeaker 32 for a duration related to the time con- 
stant of capacitor C8 and resistor R17. The charge time 
of C8 is dynamically modified via resistor R16 by the 50 
DAVS 13 so that the pulse width is dependent upon the 
voltage selected. This provides for the simultaneous 
adjustment of both volume and tonal characteristics so 
that the three click types sound to the user as separate 
and distinct sounds. A fourth sound type is derived in 55 
the control logic by the output of four cycles of 1600 
hertz, which produces a chirping sound rather than a 
click. This fourth sound type can be accompanied by 
the LED flashing to reinforce its existence. 

The control logic is pre-programmed to perform the 60 
functions of pulsing, sequencing, counting, dividing, 
soxmd type selection, foot switch mterfacing, and front 
panel operatioiL The control logic consists of the mi- 
crocontroller 11, clock pulse generator Yl, capacitors 
CI, C2, and C3, and resistor R3. The microcontroller 11 65 
may be a single<hip programmable IC, such as that 
sold by Intel Corp. under the 87C51P designation. The 
clock pulse generator Yl and capacitors CI and C2 



Although the invention has been described with ref- 
erence to certain preferred embodiments, it will be 
appreciated that many other variations and modifica- 
tions thereof may be devised in accordance with the 
principles disclosed herein. The invention, mcluding the 
described embodiments and all variations and modifica- 
tions thereof within the scope and spirit of the inven- 
tion, is defined in the following claims. 
I claim: 

1. A metronome apparatus for generating a desired 
metronome click pattern having a beat pattern, tempo, 
increment value, and note value, said apparatus com- 
prising: 

a select switch means for setting the beat pattern, the 
tempo, the increment value, and the note value of 
the desired metronome click pattern; 

a control means including a microcontroller, elec- 
tronically coupled to said select switch means, for 
producing a click pattern signal responsive to said 
select switch means; 

an output means, electronically coupled to said con- 
trol means, for producmg said click pattern signal 
as an audible click pattern comprising a series of 
audible clicks; 

a footswitch means for incrementing and holding the 
incrementing of the tempo of the desired metro- 
nome click pattern, said footswitch means and said 
control means being electronically coupled, said 
control means further producing said click pattern 
signal responsive to said footwswitch means; 

said control means including a click accenting means 
for producing said click pattern signal such that 
one or more of said series of audible clicks of said 
audible click pattern produced by said output 
means has an audible accent representative of the 
note value. 

2. A metronome apparatus according to claim 1, 
wherein said select switch means includes a switch for 
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providing a switch signal to an input of said microcon- troUer. thereby aUowing the first partial capacitor 
troUer representing selection of one of a pluraUty of charge to discharge to said output means and pro- 
note values including at least half, quarter, eighth, trip- duce an intermediate ampUtude acoustic click, and 
let, and sixteenth note values. the power source charges said capacitor at a sec- 

3. A metronome apparatus according to claim 1, 5 ond partial level if said second transistor is turned 
wherem said cHck accenting means of said metronome on by said microcontroUer, thereby aUowing the 
assembly mcludes a digital pulse voltage source and an second partial capacitor charge to discharge to said 
acoustic pulse switch having inputs coupled to outputs output means and produce a low amplitude acous- 
of said microcontroller and outputs coupled to said tic click. 

output means of said metronome assembly, said digital 10 8. A metronome apparatus according to claim 7, 

pulse voltage source havmg means for producing a click wherein said acoustic pulse switch comprises a first 

ampUtude at any of a plurality of different levels, and inverter having an input connected to an output of said 

said acoustic pulse switch having means for producing microcontroUer, an RC differentiator circuit connected 

different tones of distinct types. in series to an output of said first inverter and also con- 

4. A metronome apparatus according to claim 1, fur- 15 nected in common node configuration to said digital 
ther compnsmg a pair of headphones connected to said pulse voltage source, a second mverter having an input 
on^ut means of the metronome assembly. connected in series to an output of said RC differenti- 

5. A metronome apparatus according to claim 1, fur- ator, and first and second transistors connected in emit- 
ther compnsmg a loudspeaker connected to said output ter-base configuration and having an input connected to 
m^ of the metronome assembly. 20 an output of said second inverter and their output con- 

6. A metronome apparatus according to claim 1, nected to said audio output, wherein said microcon- 
wherem said output means of the metronome apparatus troUer includes a square wave signal generator for pro- 
mcludes a visual display coupled to an output of said viding a square wave signal for the cUck pattern of the 
microcontroUer. tempo to said acoustic pulse switch, said capacitor is 

7. A metronome apparatus according to claim 1, 25 charged to a level dynamicaUy modified depending 
wherem said control means further includes a digital upon the capacitor voltage level selected in the digitd 

pulse voltage source, an acoustic pulse switch, and pulse voltage source, and the charge level of said capac- 

a power source for providing power to said digital itor results in generation of a output pulse of corre- 

pulse voltage source, said digital pulse voltage spending pulse width by said first and second transistors 

source and acoustic pulse switch having inputs 30 to said output means, thereby providing for simulta- 

coupled to outputs of said microcontroUer and neous adjustment of both volume and tonal characteris- 

outputs coupled to said output means of said metro- tics for the maximum, mtermediate, and low cHcks as 

nome apparatus, said digital pulse voltage source separate and distinct sounds. 

having means for producing a cUck ampUtude at 9. A metronome apparatus according to claim 1, 
^yofaplurahty of different levels, and said acous- 35 wherein said footswitch means includes a first switch 
tic pulse swtch havmg means for producing differ- and a second switch operable by foot for producing first 
ent tones of distinct types and second footswitch signals, respectively, said mi- 
wherem said digital pulse voltage source comprises a crocontroUer of said control means being responsive to 
capacitor, first and second transistors having input said first footswitch signal for holding and releasing the 
temunals thereof coupled to respective outputs of 40 incrementing of the tempo for the metronome cUck 
said microcontroller and connected in common pattern and bemg responsive to said second footswitch 
emitter configuration in paraUel with said capaci- signal for incrementing the tempo, 
tor, and first and second resistors connected in 10. A metronome apparatus according to claim 1, 
sen^ with respective emitters of said transistors, wherein said footswitch means includes a double pole 
and IS coupled to the power source such that tiie 45 switch which is switched by foot to one pole for provid- 
power source charges said capacitor ftiUy if neither ing an increase switch signal to said control means of 
of said transistors is turned on by said microcon- said microcontroUer for controUing said microcon- 
troUer, tiiereby aUowmg the fiiU capacitor charge troUer so as to increment the tempo upward automati- 
to discharge to said output means and produces a caUy, and switched by foot to the otiier pole for provid- 
maximum ampUtude acoustic cUck, the power 50 ing a decrease switch signal to said control means to 
source charges said c^acitor at a first partial level decrement the tempo downward, 
if said first transistor is turned on by said microcon- ♦ * » ♦ « 
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